firm size, regulation, and environmental innovation and firm performance. This article aims to further contribute to this research agenda.
The goal of this article is to better understand the diffusion (or lack) of environmentally preferable manufacturing technology (as distinct from pollution control technology) in small firms and the influence of technical assistance programs on the diffusion of these technologies. We draw our insights from the printing industry, a sector where small firms predominate. After a brief overview of the U.S. printing industry, we review how government involvement with small printers has evolved historically. We then review survey, interview, and secondary source data to (a) look at how SMEs participate in diffusion of environmental technology, (b) assess the effectiveness of programs designed to encourage the adoption of these technologies, and (c) outline how a new phase of government experimentation and involvement is emerging in response to the challenges faced by the first generation of voluntary assistance programs.
BACKGROUND The Printing Industry and the Environment
The printing industry is comprised of approximately 62,355 firms, with sales of approximately $210 billion annually.
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This industry is a significant contributor to the overall U.S. economy. Historically, this industry has also been a fair contributor to the environmental impacts created by U.S. manufacturing industries as well. In 1999, according to the TRI, 215 printing firms that reported to the EPA (i.e., firms reporting under Standard Industrial Classification 27) released almost 21 million lb of toxic chemicals in the air. 2 Note that this number includes only those few 100 firms (out of more than 60,000) large enough to require TRI reporting. Once the vast number of smaller firms is considered, the environmental impact is no doubt significantly larger.
Printers generate an array of both hazardous and nonhazardous waste. Principal among environmental issues in the printing industry is the release of volatile organic compounds (VOC), which are smog precursors. VOCs can come from many points in the printing process, the type and amount released depending on the production volume, the type of raw materials, the technology used, and the VOC control procedures in place. VOC emissions tend to be concentrated in three particular stages of the printing process: prepress proof, printing press, and finishing, with most stemming from the printing press (North Carolina Department of Environment and Natural Resources, 1997) .
The Regulatory Context
The printing industry is regulated by federal, state, and local environmental and health and safety agencies. Given the nature of the technologies used in printing, emissions to the air garner a great deal of attention both in terms of government regulatory effort and compliance activity on the part of printers. The Clean Air Act is the framework for air quality regulation in the United States and has specific provisions aimed at printers. Printers are under significant pressure to reduce VOCs and an array of hazardous air pollutants (HAP). They must calculate their potential to emit VOCs and HAP and reduce them sufficiently to maintain local air quality standards.
Any printing facility that is classified as a major source of VOCs, a designation earned by emitting above certain thresholds of VOCs depending on local air quality, must install what the EPA deems to be reasonably available control technology (RACT). The determination of an appropriate technology, which can be either end-of-pipe pollution control technology (e.g., equipment that can destroy VOCs before they escape to the environment) or a process technology (e.g., the use of low-VOC process chemicals), is made when the major source applies for a permit with the state or local environmental agency. Nonmajor sources are not subjected to the RACT requirement.
Many technologies have risen to assist the industry in decreasing VOC emissions from the printing process. Perhaps the most well known to the average print consumer is the adoption of soy-based inks. There have been new process technologies and materials developed and adopted by some firms that reduce VOC emissions from damping and cleaning systems as well. For example, by eliminating the damping solution through the implementation of waterless printing, overall VOC emissions may be reduced by at least 50% (Institute of Advanced Manufacturing Sciences Inc. and the Printing Industries Association of Southern Ohio, 1997) . Although these and numerous other environmentally preferable technologies are available, the extent to which they have diffused throughout the industry is not known.
The Evolution of Small Business Technical Assistance Programs
The ways that the government has managed the environmental impacts of SMEs have evolved over time. Prior to the 1980s, while small printers were regulated primarily through operating permits, oversight by environmental agencies was considerably more lax than for their larger counterparts. There were several basic assumptions that drove this policy. First, perhaps because they were less visible, small sources seemed to have a relatively insignificant impact on the environment compared to larger companies (Schaper, 2002) .
Second, and perhaps more important, many argued that regulation was too taxing for small business. Quite simply, small businesses do not have the financial or technical means to comply with regulation. There was a concern that requiring complex paperwork and pollution control equipment for small sources would have the effect of driving small companies out of business. There are questions as to whether small firms are as burdened by regulation as is generally assumed in the policy world (Logsdon, 1994; Thompson et al., 1991) . There is research, however, that supports this view (Crain & Hopkins, 2000; McCoid, 1995; Sanchez, 1997) . Small firms, for example, often lack risk-bearing capital, technically qualified personnel, or adequately educated and well-informed management (Blondi, Frey, & Iraldo, 2000; Schmidt, 1990; Swinth & Vinton, 1992) . Because of these disadvantages, research suggests that smaller firms have greater challenges in meeting and exceeding regulatory requirements, especially for changes that require the implementation of costly new technology (Cook & Barry, 1995; Crain & Hopkins, 2000; Dean, Brown, & Stango, 2000; Yeager, 1987) . Dean et al. (2000) , for example, argue that there is an overall higher unit pollution abatement cost associated with small firms. They suggest that compliance asymmetries occur when regulations are equally applied and enforced across small and large firms. In this situation, asymmetries result from differences in compliance costs per unit output between small and large firms. Moreover, the larger firms have an advantage in defending themselves because of greater legal resources as compared to that of the small firms.
Regulation of small firms was also considered too costly for government. The cost of monitoring the multitude of small companies was simply too high, and administrators thought that government resources should be focused on large firms to get the biggest bang for the buck. This meant that, historically, government regulations focused on larger firms and, to a great extent, ignored smaller firms.
In the 1980s, however, these assumptions started to change. As larger, regulated firms started to reduce their pollution and better manage the environmental function, regulators realized that, collectively, small firms could have a significant impact on the environment and, therefore, could not be ignored any longer. Moreover, if small firms had the correct information, they could adopt pollution prevention practices. This would not only improve their environmental performance but also help their operational efficiency. The key impediment, many thought, was the lack of access to information on pollution prevention (Lindsey, 1998; Thiruchelvam, Kumar, & Visanathan, 2003; United States Government Accounting Office, 2001 ). Information dissemination, therefore, was one of the primary purposes of many formal technical assistance programs at both the government and industry levels. The logic behind these programs was that the greater access firms have to information on pollution prevention technology, the more likely they will be to adopt these technologies (United States Government Accounting Office, 2001).
As a result of these changing assumptions, experimental technical assistance programs started to emerge at the national, state, and local levels. These programs were designed to promote compliance (for those firms that needed to comply), reduction of emissions beyond that which is required by law, and the use of a pollution prevention approach (i.e., adopting process technologies rather than end-of-pipe controls) through a variety of mechanisms, including site assessments, workshops and video conferences, technical literature development and dissemination, and focus groups. Because smaller firms were often not required to comply with major environmental regulations, they became a major focus of these programs. Table 1 outlines some of the programs that were created specifically for printers.
These and other regulatory and nonregulatory initiatives sought to propel the printing industry toward better environmental performance, either through enhanced pollution control or adoption of greener manufacturing technologies and practices. The programs represent a range of strategies for affecting environmental behavior, some more traditional than others. Without a doubt, these efforts represent a significant investment of both public and private resources and are worthy of close examination to better understand whether and how these programs are having an impact on the environmental performance of printing firms.
ENVIRONMENTAL TECHNOLOGY DIFFUSION IN SMALL FIRMS
There are many strategic advantages held by smaller firms (Dean, Brown, & Bamford, 1998; Nooteboom, 1994; Rothwell, 1989) . They are better able to dominate niches and are often more agile than their larger counterparts because of lack of bureaucracy, structural inertia, structural simplicity, streamlined operations, and entrepreneurial orientation (Dean et al., 1998) . Because of these characteristics, some argue that small firms would lead in the adoption of new innovations (Leblebici, Salancik, Copay, & King, 1991; Nooteboom, 1994) . On the other hand, small firms often lack risk-bearing capital, technically qualified personnel, or adequately educated and well-informed management (Schmidt, 1990) . Others have argued that, because of these differences, small firms will tend to lag in the adoption of most technologies. Ettlie and Rubenstein (1981) , for example, argue that larger firms will have higher rates of adoption because they are able to better cushion risks and have access to a greater range of information. Smaller firms also rely on a different knowledge base than larger firms. For one, their level of knowledge about new technologies and how to implement them is likely to be less developed than in larger firms (Banks & Heaton, 1995) . In a review of the research on technology diffusion in small and large firms, Nooteboom (1994) concludes, "the empirical evidence of adoption by firms of innovations produced elsewhere is conflicting, but the overall indication is that small firms lag behind" (p. 342).
This pattern of adoption is also suggested to apply to environmental technologies (Dupuy, 1997; Sanchez, 1997) . In fact, the problem may be exacerbated by the fact that more and more environmental technology knowledge is being concentrated within a few large companies, making it less likely that smaller firms have access to this knowledge (Rickson, 1976) . Because of this relative lack of knowledge, smaller firms are more likely to be conservative in their environmental technology choices. The diffusion of environmental technologies is further complicated by their multidimensional nature. Adoption of environmental technology usually demands investment in many other technologies that may lie beyond the company's traditional technological scope (Shrivastava, 1995) . The extensive scope of environmental programs have systemic impacts on the whole organization, perhaps to a greater extent than other programs in areas such as quality (Rothenberg, 2003) . This requires the involvement of all functional departments in the organization such as research and development, manufacturing, logistics, quality management, purchasing, external suppliers, retailers, and final users, as well.
Proposition 1: Small firms are likely to adopt environmentally superior technologies later than larger firms.
As discussed above, there are a number of government programs geared to increase the adoption rates of environmental technologies in SMEs. Information dissemination is one of the primary purposes of most formal technical assistance programs, at both the government and industry levels. The logic behind these programs is that the greater access firms have to information on pollution prevention technology, the more likely they will be to adopt these technologies.
Having information does by no means guarantee technology adoption. Where information comes from is one critical factor influencing the degree to which a firm will attend and respond to pollution prevention information. Existing models of technology diffusion are increasingly pointing to the importance of social capital, which are features of organizations and relationships that facilitate coordination and cooperation, in encouraging technology diffusion (Putnam, 1993) . This research points to the importance of personal familiarity, professional networks, and trust in getting firms to adopt new technologies (Adler, 2002; Adler & Kwon, 2002; Adler, Kwon, & Signer, 2001; Fountain, 1998) . Because all innovations carry some uncertainty, the individuals within a firm feel a need for social reinforcement of his or her attitudes toward the idea (Rogers, 1983) .
Given this need, certain sources of information are simply seen as more reliable than others. Bierma and Waterstraat (1995) , for example, found that businesses often turn to suppliers, competitors, and accountants as sources of credible information regarding new technologies rather than government assistance programs. One possible reason for this pattern is that regulatory sources are viewed with less trust and, in turn, have less social capital. Although changing in some circles, government is still seen by most firms as being hostile to firms (Lindsey, 1998) . This is particularly true for less proactive firms that have more outdated conceptions of regulatory agencies and are more likely to be in violation of regulatory standards. Therefore, firms are more likely to use information from private, rather than government-sponsored, organizations.
Proposition 2: Firms are more likely to use non-government-sponsored sources of information for technical assistance, as compared to governmentsponsored sources.
It is also likely that small firms will find these sources of information comparatively less useful than larger firms. First, as discussed above, small firms may lack the resources to identify and use external sources of information on new technologies (Rothwell, 1989) . Moreover, because small firms often lack environmental specialists, it is even more likely that they will miss information on new environmental technologies (Schaper, 2002) .
Second, following on the notion of social capital above, research suggests that small firms tend to rely on networks of information that are more informal and have higher levels of social capital (Nooteboom, 1994; Stanley & Helper, 2003) . In a comparison of environmental technology diffusion in several European countries, for example, Dijken et al. (1999) found that small-and medium-sized companies in Italy, where SMEs comprise more than 90% of the total number of enterprises, relied less on government agencies than they did on deep social networks (called industrial districts), with local communities and institutions, for information on environmental technologies. Another study in India also found that small firms relied primarily on friends and family for advice on technological process changes (Thiruchelvam et al., 2003) . Although these two latter studies took place in a different cultural context, the overall research findings of these studies do suggest that small firms in the United States will also tend to rely on networks with higher levels of social capital. Thus, they will be less likely to know of government-sponsored sources of information and will find those sources of information less useful than large firms.
Proposition 3: Small firms are less likely than large firms to find governmentsponsored sources of technical assistance-even those targeted toward small firms-useful.
METHOD Survey
The quantitative data come from a survey panel of 565 printers who volunteered to participate in a series of online surveys administered by the RIT Printing Industry Center. The panel was created by inviting a sample of 10,500 printers and packagers, selected from the Dun and Bradstreet database, to participate in a survey program. All firms with 20 or more employees (as listed in Dun and Bradstreet) are included in the sample (approximately 5,000). In addition, 50% of firms with 10 to 19 employees and 15% of firms with 9 employees or less were randomly selected. Because of this sampling strategy, data were weighted using analytic weights to more accurately represent their distribution in the total population of printers. In accordance with the distribution of printers in the actual population, firms with 20 or more employees were given a weight of 1 because all firms in this category were selected to be in the sample; firms between 10 and 19 employees were given a weight of 2 because 50% of these firms were selected to be in the sample; and firms under 10 employees were given a weight of 6.67 because 15% of these firms were selected to be in the sample.
Participants were offered incentives, such as early access to results, written material, and a free online class. Out of the 565 plants in the panel, 128 printing plants participated in this particular survey. This 23% response rate is somewhat low, given that firms had already agreed to participate in the survey effort. On the other hand, the population has a greater number of smaller firms than many other industries. In addition, the survey was administered during a period of great economic uncertainty and turbulence. Therefore, with potential issues of response bias in mind, we felt that this was an acceptable response rate. Respondents replied to the survey via the Internet through a survey designed with a Statistical Package for the Social Sciences (SPSS) data entry builder software. The advantage of this method was that data was entered directly into an SPSS database, avoiding data entry error by the researcher (but not by the respondent). One of the primary limits of using an Internet study, however, is the format in which questions can be written. In addition, surveys need to be short enough to prevent frustration on the part of the respondent. We attempted to address these and other potential problems through pretesting.
As shown in Table 2 , a number of variables were measured to test the propositions. First, we used a measure of plant size, measured in terms of number of employees. We also created two variables that captured the extent to which a firm tended to adopt technologies earlier versus later. Extensive discussions with printing professionals led to a list of common printing technologies, 13 of which were superior environmentally and 12 of which were core production technologies. 3 For each of the technologies, we asked respondents to report the year in which they adopted them, if at all. We then calculated the number of years each respondent owned these technologies and summed the number of years for each group of technologies. The variable ENVTECH is the sum of the years each of the 13 environmentally superior technologies was owned. Plants that were higher on this variable, therefore, tended to adopt technologies earlier than plants that were low on this variable. There were some concerns that with this measure a particularly early adoption of one technology could skew the measure for a particular firm. Therefore, we also created a second variable, which was the average number of years because the firms had adopted the array of environmental technologies.
We controlled for the extent to which the firm invested in other productive technologies. This measure was important for a number of reasons. First, environmental technologies do not exist and function independently of the productive technologies in a firm. Quite often, they complement each other, and a higher level of sophistication in productive technologies might allow, or even might demand, a higher level of sophistication in environmental technologies. As Rogers (1983) argued, compatibility plays a significant role in the adoption of environmental innovations. Therefore, it would be easier (and in some cases even necessary) for firms that invest in innovations related to productive technologies to also invest in environmental innovations. Second, firms that invest in technological innovations related to production are most likely more up to date with the technological possibilities of their field, and that usually includes possibilities in environmental innovations. Therefore, we created a control variable that is the sum of the number of years each of the 12 productive technologies was owned (PRODTECH), as well as an average of the number of years each of the 12 productive technologies was owned (AVPRODTECH).
Research suggests that the amount of organizational slack can also have a significant impact on firm investment in environmental technologies. First, relatively new technological innovations are quite often more expensive than older technologies, and so only profitable firms could be able to afford the price tag. And, second, relatively new technological preventive innovations may not pay off immediately (Lindsey, 1998) , and less profitable firms would be more likely to focus on more short-term investments. Such a rationale is in agreement with the findings of Nasi, Nasi, Phillips, and Zyglidopoulos (1997), who found evidence that the environmental social responsiveness of Canadian and Finnish forestry firms declined during periods where the companies experienced reduced profits. Therefore, we also controlled for firm profitability, using net profits per employee for the year 2000 (PROFITS). Although this is not an ideal measure in that it is for only one year, it does offer some indication of recent profitability of the firm.
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To look at the perceived usefulness of a variety of technical assistance programs, we asked respondents to report the degree to which a variety of sources provided useful information that led to active exploration of new environmentally superior technologies. These sources included equipment suppliers, ink suppliers, trade associations, fountain solution suppliers, other printers, substrate suppliers, customers, state government, federal government, and the local publicly owned treatment works. Respondents reported their answers on a Likert-type scale of 1 to 5, with 1 meaning not useful at all and 5 meaning extremely useful. Respondents were asked separately about the degree to which useful information was provided by specific technical assistance organizations or program categories, including the EPA Design for the Environment (DfE), state technical assistance programs, Manufacturing Extension Partnership, local Small Business Assistance Programs, and the Printers' National Environmental Assistance Center (PNEAC). Because we were asking about more specific organizations, respondents were given the option to indicate that they were unfamiliar with the program or organization.
Lastly, we also asked a number of questions to get general information on their environmental management practices and their overall level of interaction with the external community. Regarding practices, we asked about environmental management structure and environmental policies. Regarding level of interaction, we asked about involvement in various industry associations. (See the appendix for a copy of the relevant survey questions.)
Qualitative Data Collection
In addition to the survey data, we conducted semistructured interviews with both printers and managers of assistance programs. The purpose of these interviews was to supplement our survey findings and obtain information on the manner of interaction between assistance programs and printers, as well as the ways that various programs are and are not helpful to SMEs. Interviews were conducted at seven printers, where the person primarily in charge of environmental matters was interviewed along with other people in the organization. In addition, one program manager at each of nine printing industry-focused technical assistance programs was interviewed. Finally, one interview was conducted with an industry association representative.
Interviews were conducted in person or by telephone using a prepared outline, and all interviews were either typed up soon after the interview or transcribed. In these interviews, major topics covered included program statistics, roles of companies, trade associations, print customer and government partners, motivations for printer involvement, and benefits obtained by companies. Using an iterative process, interview data were categorized to discern patterns (Miles & Huberman, 1994) .
FINDINGS Quantitative Results
Leaders and laggards in technology diffusion. Our first hypothesis stated that small firms are likely to adopt environmentally superior technologies later than larger firms. As shown in Table 3 , without any control variables, there was a small, yet statistically significant, correlation between firm size and ENVTECH. This relationship remained, although with a lower statistical significance, when controlling for PRODTECH and PROFITS. Note that because fewer companies reported financial data, the N was lower for the model that included PROFITS, possibly influencing the significance of the relationship of size to ENVTECH. Similar results were found when the dependent variable was the average number of years a firm held the range of environmental technologies (AVGENVTECH).
Sources of information.
Our second proposition was that firms are more likely to turn to non-government-sponsored sources of information for technical assistance, as compared to government-sponsored sources. As can be seen in Table 4 , the most influential sources of environmental information were other companies, such as suppliers, competitors, trade associations, and even customers, rather than government. Therefore, Proposition 2 is supported.
Our third proposition was that small firms are less likely than large firms to find government-sponsored sources of technical assistanceeven those targeted toward small firms-useful. When asked about specific organizations that provide information about environmental technologies, we found some support for Proposition 3. One indicator of overall usefulness is if firms are even familiar with a program (i.e., firms need to know of a program for it to be of any use). On average, smaller firms were less familiar with all of the programs. For example, as shown in Table 5 , 56% of the firms with 20 or fewer employees (compared to 39% for larger firms) reported not knowing about the EPA DfE program. The program most familiar to small firms was local Small Business Assistance Programs. When looking only at firms indicating familiarity, the results are less consistent. Small firms reported all programs except local Small Business Assistance Programs to be less useful than did larger firms. This difference was significant, however, only for EPA DfE and PNEAC.
Related management practice. As discussed earlier, there are a number of assumptions that are made regarding why small firms respond differently to pressures for improved environmental performance. Most small firms do not have dedicated environmental staff. In our survey sample, for example, 90% of the plants did not have a dedicated environmental manager. Those employees taking care of environmental matters were often plant managers or the company president. Of firms that employ such an arrangement, personnel in charge of environmental matters reported spending less than 20% of their time on environmental issues. Using t tests comparing firms above and below 20 employees in size, the survey also revealed that larger firms were significantly more active in trade associations than smaller firms, indicating that large firms are more likely to network and acquire a wider variety of external information. 
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Qualitative Findings
Perceptions of technical assistance. Interviews with printer and program managers offered several explanations as to why firms did not view government-funded technical assistance programs as less useful sources of information. First, as suggested in the survey data, employees in the SMEs interview simply did not know about the programs and types of information that they could provide. Plants that were aware of the programs were already interested in improving their environmental performance (i.e., were more proactive in nature). Even some plants that were relatively proactive on the environmental front did not know of environmental programs with a focus on the printing industry, such as the printing partnership of the EPA's DfE program.
One of the reasons for this lack of exposure seemed to be that many smaller plants did not have the resources to access and use information provided by these programs. For example, the Northeast Waste Management Officals' Association's P2 print project, a technical assistance listserver for printers, struggled because small firms did not have the needed computer technology at the time. As discussed earlier, a lack of dedicated environmental resources was also supported by our survey findings.
Smaller firms were also simply not motivated to look for and use this information. Under the Clean Air Act, the threshold for a small generator is 25,000 lb of air emissions per year. As long as a firm is below this limit, reporting requirements are relatively simple. Once a plant goes over this 25,000-lb limit, a plant will become classified, for the remainder of the year, as a large generator requiring a substantial increase in paperwork. The major incentive for SMEs, therefore, is to remain under the 25,000-lb limit. For those plants well below this limit, there is little incentive to do more. One production manager responsible for environmental issues at a small plant explained how he spent 1% of the time on environmental issues.
Our informal policy is to keep the EPA and the DEC [Department of Environmental Conservation] off our back. For the EPA, I make an annual report of our emissions to show that we are under the 25,000-lb [limit for classification as a major source of VOCs]. This is done in a mass balance calculation. I look at the MSDS [material safety data sheet], look at how much we purchased, and make the calculation from there in a spreadsheet. That's where my 1% of time comes from.
This quote also reflects a third phenomenon. As discussed earlier, small firms still tend to not trust the government and the information it provides. For the most part, government agencies are still seen as an organization that needs to be "kept off our back." A state level program manager explained as follows: "Even though we're with . . . the nonregulatory section [of the government], I think when we come and knock on their door, and [printers] automatically think the worst." An EPA employee explained further:
If you're in decent shape from . . . a regulatory compliance perspective, then you're more likely to have a technical assistance provider, someone to come in and work with you on pollution prevention. But, if you've got problems you don't want anyone in your shop.
Again, this means that the plants that need the most help are the least likely to get it.
There were also some questions about the content of the information. Some printers that were interviewed did not feel that the information provided by these organizations was contextually relevant. As explained by one printer, This sentiment was expressed by other printers as well.
New experiments in technical assistance. Our interviews with managers at government-sponsored technical assistance programs suggest that the concerns of small business have not gone unnoticed by regulatory agencies. Learning from their experience, government involvement continues to evolve as agencies are starting to experiment with new approaches to technical assistance. These efforts have been fueled by the growing recognition that the combined environmental impact of small firms can be significant, especially when they are not controlling pollution as well as are larger firms. This is particularly true in certain notorious sectors-dry cleaning, photo processing, and printing. These sectors are dominated by small firms that use and emit particularly problematic chemicals, such as perchloroethylene, silver-bearing chemicals, and high-VOC fountain and cleaning solutions.
One of the most common approaches being taken is to foster increased industry and government cooperation. Regulators realize that they are often not viewed as the most credible sources of information and that partnering with more credible sources, such as trade associations, can be one way to increase their credibility. The most prominent example of this is the PNEAC, a partnership between the EPA, university-based technical assistance programs, the Graphic Arts Technical Foundation, and the Printing Industries of America. This partnership has led to the development and dissemination of a wide range of printed-and video-based information products, regulatory and pollution prevention oriented listservers, conferences, and referrals to technical and regulatory experts.
Some programs are also exploring ways to include suppliers in government program partnerships. The EPA DfE program, for example, has involved suppliers in a significant way in evaluating and disseminating information on alternative technologies for a variety of industries, including printing. One EPA official noted that suppliers could play an important role in educating their customers about environmental technologies, but they often lack the vocabulary or will to do so. This is even the case when suppliers have environmentally superior technologies in their portfolios. Typically, if environmental issues are raised by the sales force, they are usually limited to regulatory compliance issues and material safety data sheets. The official noted that by working with suppliers, government agencies could increase their skills in this area. This may be a way to provide businesses with information that is, in the eyes of the industry, more credible than if just coming from a government source.
A number of technical assistance providers who were interviewed felt that another approach to partnering with industry could be in the implementation of technology demonstrations for SMEs. Although none of the printing-industry-specific programs examined in this research incorporate these types of demonstrations, several such programs have been established by technical assistance organizations in other industries with the specific aim of testing and showcasing new environmentally superior technologies.
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Research suggests that programs can increase the relevance of their information by coupling them with localized technology demonstrations. For most companies, trying out the new technology, or seeing a peer using it, is a critical step in forming an adoption decision (Becker, Green, & Fister, 2002; Lindsey, 1998) . Methods to facilitate the trial of innovations will usually speed up the rate of adoption (Rogers, 1983) . These demonstrations can be conducted by suppliers. Alternatively, firms find that technology demonstrations at an independent testing facility, with the ability to conduct side-by-side comparisons of alternative technology, is preferable to testing in a vendor's facility (Becker et al., 2002) . Providing this independent forum could be a critical role of government.
Another important aspect of some of the new regulatory initiatives is that participating firms can clarify their compliance status and move on to obtaining technical assistance for pollution prevention activities. The Massachusetts Environmental Results Program (ERP), for example, is a self-certification-based program for small business. The program consists of industry-specific standards for small business, but no traditional environmental permits. Technical assistance is provided to aid in self-certification, and compliance is assured through review of self-certification documents and some inspections. By participating in the program, small firms also gain an access route to pollution prevention technology, without the threat of traditional regulation. The program has been quite successful, and there are plans for adoption of similar programs in 10 states (Golledge, Hughes, Pruit, Reitsma, & Struhs, 2003) . Both quantitative and qualitative early results reveal higher environmental performance overall for those firms participating in the ERP program. Although a statistically significant difference was not found for printers in particular, a self-assessment of the program found that 86% of printers involved in an ERP pilot reported that the program influenced them to make environmentally beneficial changes in their facility operations (EPA, 2002) .
New Hampshire PrintSTEP is a multimedia, self-certification program aimed at small printers. The program is a pilot effort supported by funding from the U.S. EPA. Medium and large firms can participate in PrintStep and take advantage of efficiencies of the multimedia permitting aspect. As part of the program launch, small printers were given full amnesty for past behavior, coupled with assistance to come into compliance. It is still too early to assess the effectiveness of this approach. With the peace of mind that this clarification brings, the hope is that these firms will be more likely to seek out technical assistance for pollution prevention.
DISCUSSION
Many questions remain regarding environmental technology adoption at SMEs and the programs designed to provide technical assistance in this endeavor. We found some support for the notion that smaller firms tend to lag in the adoption of environmental technologies. We also found that firms are more likely to turn to other companies, even competitors, for information rather than government sources. Suppliers were seen as one of the most useful sources of information on environmental technologies. There was partial support for the proposition that smaller firms found government sources of information less useful than larger firms. Clearly, smaller firms were less aware of the range of specific assistance programs. For those firms that were aware of the programs, a significant difference across large and small firms was found only for EPA DfE and PNEAC.
From a management perspective, the survey also indicated that small firms assign fewer resources to environmental issues. They rarely have dedicated environmental staff; moreover, those employees that are assigned to environmental issues reported spending on average less than 20% of their time on environmental tasks. The survey also revealed that larger firms were significantly more active in trade associations than their smaller counterparts.
Interviews suggested that small firms tend to lack motivation, resources, and expertise, which may hamper their ability to access and use information. The lack of expertise might also influence how smaller firms calculate the benefits of superior environmental performance. In Rogers's (1983) model of technology diffusion, the relative advantage of a technology to the firm is a critical factor in its rate of diffusion. Although the relative advantage can be objectively determined to some extent, there is significant room for more subjective assumptions that go into these calculations. It is likely that smaller firms, which are less involved with the leading-edge thinking on environmental management, may not understand the long-term cost savings that can be obtained from some pollution prevention technologies (White, Becker, & Goldstein, 1991; White, Becker, & Savage, 1993) . Therefore, if they are to convince smaller firms to attend to information on new technologies, programs may need to expend greater effort explaining the short-and long-term benefits of improved environmental performance.
Our findings were in line with the social capital argument that points to the importance of personal familiarity, professional networks, and trust in getting firms to adopt new technologies. Although the survey results supported the notion that smaller firms are less involved with industry association networks, interviews revealed that small firms tended to have reservations as to the extent to which they could trust government sources of information. One concern was with the content of the information itself. The printing industry is notorious for its craft-like approach to the printing process. The printing process continues to be somewhat of an art, performed more so by feel than on precise parameters; each plant feels that they have developed a unique set of practices and recipes, which create a need for more context-dependent information. There is a question as to whether the need for context-dependent information is perceived or real. From our knowledge of the printing process, it is most likely both.
The second set of concerns pertains to potential enforcement actions, which fed a continued lack of trust of assistance from government-related programs. This stresses the importance of the interrelationship between regulatory compliance and the willingness of firms to engage in pollution prevention technical assistance. From the small printer's perspective, the first level of concern is compliance assurance. Until firms feel that they are not in danger of being found in violation of regulations, they will typically be unwilling to work with government partners on proactive pollution prevention projects. Providing small firms with this level of assurance is not a trivial matter. State regulators are dealing with lean budgets and know that they cannot afford to regulate and inspect the multitude of small firms. Moreover, small businesses are considered the engine of the economy, and it can be politically treacherous to overburden them with regulation. If small companies are to be included in the regulatory fold, innovative approaches are needed to ensure that compliance programs are efficient both from the perspective of the regulatory and regulated communities. There are several programs emerging that are experimenting with alternate forms of regulation for small printers.
Research Limitations
It is important to place a qualifier on these findings. First, the interview and survey results are limited to the extent that the sample is limited. There are questions regarding how representative the firms we interviewed are of all small-and medium-sized printers. In the survey, there was a bias toward relatively large printing firms in the sample (i.e., the population of larger firms was higher in the sample than in the real population). Although this was partly dealt with by using analytic weights, it remains a limitation. It would be helpful, therefore, to increase the number of small firms in the sample. A large printer by our definition (i.e. more than 20 employees in this analysis), however, is still small by most standards. Our largest firm had only 700 employees; it is not clear if the relationship between firm size and technology adoption would hold across a wider range of firm sizes. There may also be some level of self-selection bias in terms of who filled out the survey. If anything, however, it is likely that the results may be overly optimistic, as firms with more resources and more interest in attaining external information in exchange for completing the survey may be more likely to participate in environmental scouting activity.
It is also important to note that we do not intend to imply that the programs discussed in this article are not working. There are numerous success stories of environmental improvements that have occurred as a result of these programs. In addition, many of these programs were started as experiments and were meant to be part of a learning process. Assessing their success may only be possible after we can see the learning that evolves from them. Last, our survey did not focus on compliance assistance, even though that is a goal of some of the programs. It is very likely that government programs are more effective at assisting small firms with compliance questions, an area in which credibility is less of an issue (although fear and trust can still be).
Directions for Future Research
As a result of these limitations, there are many areas ripe for future research in the area of technology difusion, technical assistance, and SMEs. For one, there is a need to better understand the factors at the firm level that play a role in the adoption of environmental technologies in SMEs, as well as how diffusion varies across different types of technology. Second, future work can take a more detailed look at the various mechanisms outlined in this article by which technical assistance programs interact with firms and empirically test the effectiveness of these mechanisms. Last, future research needs to explore more explicitly the role of government-sponsored programs in compliance assistance versus more voluntary pollution prevention assistance.
CONCLUSIONS
In this article, we discussed how government has evolved in the way it interacts with small business in the printing industry. Since the mid1980s, the EPA and state-level environmental agencies have relied on a variety of voluntary programs emphasizing technical information and direct assistance to encourage pollution prevention technology diffusion in small companies. An assumption running behind many of these efforts is that diffusion is largely determined by making information more available to the industry. As noted by Geroski (2000) , "the bottom-line seems to be that diffusion is a problem which public policy can ameliorate with a judicious mix of information provision and subsidies" (p. 621).
This study suggests that there are numerous factors, including but not limited to information availability, that adversely influence the ability of the expertise provided by these organizations to actually facilitate pollution prevention adoption in small companies. Compliance uncertainty, doubts as to the credibility of the information, a general lack of trust between government and industry, and lack of resources to access and process this information all have hampered the effectiveness of some of the existing programs.
Drawing from our findings and from recent experiments in technology assistance, there are ways to make these programs more effective. First, programs need to increase their efforts to inform SMEs about the information and services they provide. Our survey and interview results suggest that for a variety of reasons, SMEs do not participate as much in the more generic networking circles, such as industry associations. Therefore, assistance programs may need to identify and become known in the networks that SMEs do participate in. A second approach to increase effectiveness, which is already meeting with some success, is linking assistance with amnesty from compliance enforcement. Third, partnering with more trusted sources of information is another approach that is already starting to meet with success but that has much room for improvement. One form of partnering may be to act as a neutral party in the implementation of localized technology demonstrations. Another form of partnering is to educate and work with suppliers, which were perceived to provide the most useful information in our survey.
The article also suggests that greater attention should be paid to how the government can assist SMEs beyond the facilitation of information flow. Geroski (2000) , for example, offers a model of the diffusion process in which the primary limitations to diffusions lay within firms. This suggests that the role of government may be even broader than facilitating information flow. Policies aimed toward building social and human capital within and between firms may be just as effective. Ultimately, by better understanding the limitations to environmental technology diffusion in SMEs, we can develop more effective policy mechanisms.
APPENDIX Survey Questions
1. Please indicate, to the best of your recollection, when you started to seriously evaluate the following technologies and practices. Similarly, indicate, to the best of your recollection, the year in which you adopted the technology or practice. If neither adoption nor evaluation were considered, enter 0.
Technology or Process Evaluated Adopted
Internet-based customer ordering (Job bidding/auctioning) Internet-based job tracking Internet-based collaborative authoring Computer-to-Plate system Prepress workflow system (e.g., Prinergy, Apogee, Prinect, etc.) 
